Background: Cardiovascular disease (CVD) is the leading cause of global death. Physical activity can help individuals reduce their CVD risk. However, the biological mechanisms explaining the link between physical activity and CVD risk and how they may be mediated by socioeconomic status are not well understood. Methods: We use cross-sectional data from 2010/2011 of the Understanding Society Survey, UK, to investigate the association between two biomarkers for CVD risk: cholesterol ratio and triglyceride levels and four different measures of physical activity: moderate, mild, self-reported activity rating, and walking 30 min or more a week using multivariate logistic regression. The analysis investigates if this association is mediated by socioeconomic status and difficulty accessing sports facilities. Results: Results from multivariate regressions show that moderate and self-reported activity rating are significantly associated with cholesterol ratio and triglycerides for both men and women. A weaker association was found for walking 30 min or more a week. No association was found between mild physical activity and the two biomarkers. There is some evidence that socioeconomic status mediates the relationship between the biomarkers and physical activity. A significant association between socioeconomic status variables and the biomarkers was found only for women. Conclusions: We provide some evidence of the mechanisms explaining the link between CVD risk and physical activity by finding an association with traditional lipid biomarkers. We also find that intensity of physical activity matters. Socioeconomic status especially for women is important which may explain some of the inequalities in CVD risk.
There is a significant association between lipid biomarkers for CVD risk (cholesterol ratio and triglycerides level) and the frequency and intensity of self-reported and perceived physical activity. These data support thenotion that socioeconomic status mediates the relationship between lipid biomarkers and physical activity.
Low physical activity in lower socioeconomic groups may be contributing to widening health inequalities. Promotion of more active transportation may help to encourage physical activity of the required intensity and frequency to improve cardiovascular health.
Background
The leading cause of global mortality is cardiovascular disease (CVD). There is a well-established link between CVD risk and physical activity [1] [2] [3] . The underlying biological mechanisms explaining the link between CVD and physical activity are not fully understood. One previous study [4] investigated the relationship between biomarkers, physical activity, and CVD risk and found that traditional lipids explained approximately 19 % of CVD risk reduction for those who engaged in more than 200 kcal/week of physical activity.
There is currently no evidence if this physiological pathway holds for different types of physical activity. Current physical activity recommendation from the Centre for Disease Control (CDC) [5] suggests that adults participate in at least 2 days of muscle strengthening activities and 150 min of moderate intensity aerobic activity or 75 min of vigorous intensive physical activity each week. If these types of activities have different relationships with lipids associated with increased CVD risk, this may impact on how individuals should engage with physical activity. Additionally, there is no evidence if factors such as socioeconomic status and perceived difficulty in accessing sports facilities attenuate this relationship. This may be a mechanism explaining inequalities in CVD risk.
The aims of this study are to determine if there is an association between two biomarkers for CVD risk: cholesterol ratio and triglyceride levels and four different measures of physical activity: moderate, mild, selfreported activity rating, and walking 30 min or more a week and if this association is mediated by socioeconomic status and difficulty accessing sports facilities using a nationally representative sample of 4823 individuals.
Methods

Source Data
We use cross-sectional data from the second round of data collection (2010/2011) of the Understanding Society Survey [6] (n = 54,587). Understanding Society is a longitudinal household panel survey of approximately 40,000 household in the UK which began in 2009 [7] . Individual participants are interviewed annually on diverse topics such as health, work, education, income, family, and social life. Further information on the study design and sampling methodology are discussed elsewhere [8] . In the second round of data collection, a representative sub-set of the main sample participated in a nurse-led health assessment (n = 15,777) [9] . A total of 13,107 respondents had data on at least one biomarker. For this study, we further limited the sample to respondents that had valid measures for triglycerides, HDL cholesterol, and total cholesterol biomarkers (n = 12,867). The final restriction placed on our sample was that participants needed to have valid measures on socioeconomic status, physical activity, and demographic characteristics reducing our sample to n = 4823.
Comparing CVD biomarkers between the two groups of the sample population and those who were excluded from the analysis because of missing SES variables generated similar results. The only exemptions were the education variables (where a higher number of people had a less healthy triglyceride level among those with missing data) and access to a car (where a higher number of people had a healthier level of both triglycerides and cholesterol ratio); for both variables, the difference in the number of individuals between groups was less than 5 %. As the nurse assessment sample use for the analysis was chosen to be nationally representative, this suggests that our results should be fairly a representative of the target population as there is less than a 5 % difference between those who reported the SES variables and those that were missing for whatever reason.
Ethical approval was not required for the secondary analysis of this anonymised data source. Respondents provided written consent for their blood to be taken and to be stored for future scientific and genetic analyses [10] .
Outcomes and Key Variables
Biomarkers for CVD risk that were included as key outcome variables were cholesterol ratio [11] and triglyceride levels [12] . Different cholesterol levels were measured from blood serum using enzymatic methods with a Roche module P analyser calibrated to CDC guidelines [10] . Triglycerides were measured from serum blood using an enzymatic method on a Roche P module analyser [10] . Individual total cholesterol and HDL cholesterol level were used to calculate the cholesterol ratio (as HDL cholesterol total cholesterol ) which was classified as a binary variable equal to 0 if the ratio of HDL to total cholesterol was less than or equal to 3.8 mmol/L (a healthy HDL cholesterol ratio) and equal to 1 if the cholesterol ratio was greater than or equal to 3.9 mmol/L (an unhealthy HDL cholesterol ratio) [13] . Triglycerides were classified as a binary variable where the base category was between 0.3 and 1.9 mmol/L and was equal to 1 if triglycerides were between 2 and 31.9 mmol/L [14] .
Three different measures of physical activity were used in the main analysis. Moderate intensity physical activity was defined based upon a positive response to engaging in 29 sports activities that would classify as moderate activity [7] . A binary variable was created that equaled zero if the respondent engaged in moderate activity less than three times a week and was equal to 1 if the respondent engaged in moderate activity three or more times a week. The second measure was a self-assessed sports activity rating where individuals rated on a scale of 1 to 10 how active they were through leisure-based sport. This was classified as a binary variable for high activity which was equal to 0 if respondent scored themselves a 4 or less and was equal to 1 if respondents reported a score of between 5 and 10. The final physical activity variable captured individual walking activity. A binary variable was created that was equal to 0 if respondents walked for 30 min (or less) for four times during the last 4 weeks and was equal to 1 if respondents walked more than 30 min for at least four times in the last 4 weeks [15] . As a validity check on our findings, we used a measure of mild physical activity that should not be significantly associated with reducing CVD risk. Mild intensity physical activity was based upon individuals reporting that they engaged in a sporting activity that would require mild exertion. This was classified as a binary variable that was equal to 0 if respondents engaged in mild activity less than three times a week and was equal to 1 if respondent participated in mild activity three or more times a week.
We controlled for a number of other factors that may confound the relationship between the biomarkers for CVD risk and physical activity participation. The biomarkers used in this analysis, especially triglycerides [10] , may have been affected by medications and consumption of food or drink. We therefore controlled for the individual currently taking lipid reducing medication and if they had eaten 30 min before blood was taken. Demographic factors such as age, age squared, marital status, presence of children under the age of 12 in the household, and region [16] were included in the analysis. To determine if the relationship between biomarkers and physical activity were mediated by socioeconomic status and difficulty accessing sports facilities, in some model specifications, socioeconomic status was measured by binary variables for having access to a car or van, owning one's house or having a mortgage on it, if the individual was employed, highest level of educational attainment achieved, and log of equivalised household income [17] . In addition, in some model specifications, we included a binary variable for if the respondent reports difficulty in accessing sports facilities [14] .
Statistical Analysis
Descriptive analysis was undertaken to gain a better understanding of the prevalence of unhealthy cholesterol ratio and triglyceride levels and to identify physical activity levels and patterning of the confounding variables in the study population. These findings were used to inform the multivariate analysis.
We also performed a number of different multicollinearity tests between the physical activity variables and separately for the socioeconomic status variables. For the physical activity variables, the correlation within different intensities of physical activity was less than 0.40, suggesting that there was no evidence for correlations between the different physical activity measures. Therefore, separate consideration in different models was considered appropriate to describe the behaviours and associations with CVD risk among the sample population. We also tested for multicollinearity between the different socioeconomic status (SES) variables. Correlations between all seven SES variables were very small less than 0.1, the correlation between income and being educated to a degree level was 0.23, and there was a slightly higher correlation between the different educational levels of just above 0.40 which is to be expected as one level of educational attainment is usually correlated with lower levels of educational attainment.
The basic statistical analysis involved multivariate logistic regression models in which the two biomarkers for CVD are a function of one of the four physical activity variables as well as cofounding variables including demographic characteristics, currently taking lipid lower medication, if the respondent has eaten a half hour before blood is taken. To determine if socioeconomic status attenuates the relationship between physical activity and the biomarkers, variables related to socioeconomic status were added to the basic model. Finally, a variable controlling for difficulty in accessing sports facilities was added to the logistic regression. Significant differences were found between physical activity and gender for all types of physical activity except walking (χ 2 , p = 0.000). Significant differences by gender were found in the outcome variables of cholesterol level and triglyceride levels (t test, p = 0.000). All analysis was therefore stratified by gender. Survey respondents with missing responses to any of the outcome or explanatory variables required for the analysis were excluded. The analysis was undertaken in Stata v.13 [18] . Table 1 showed the descriptive analysis of the raw data. Approximately 25 % of men and 21 % of women engaged in at least 30 min of moderate physical activity, three times a week. Approximately 42 % of men and 33 % of women reported being highly active in sports activity. Fifty-seven percent of men and 59 % of women walked at least 30 min a week, and 14 % of men and 18 % of women engaged in mild activity for 30 min or more, three times a week. Approximately 45 % of men and 25 % of women had an unhealthy cholesterol ratio, and 41 % of men and 24 % of women had unhealthy triglyceride levels. The mean age of the sample was 51 years old. The majority of survey respondents had a university education, access to a car, was married, and owned their own home. Approximately 5 % of men and 8 % of women reported difficulty in accessing sports facilities. Table 2 showed the results of gender-stratified logistic regressions to investigate the relationship between the two biomarkers for CVD risk and moderate physical activity accounting for socioeconomic status. In all models, except for the female triglyceride models adjusted for socioeconomic status and difficulty accessing sports facilities, there is a negative and significant association between moderate physical activity and having an unhealthy cholesterol ratio and triglyceride levels. The size of the association is similar for men and women. This provided some evidence that socioeconomic status attenuates this relationship for cholesterol ratio for men and triglyceride level for women.
Results
For both men and women, age was associated with an increased likelihood of having an unhealthy cholesterol ratio and triglyceride levels. For both genders, taking lipid lowering medication was associated with an increased likelihood of having a healthy cholesterol level. For women only, taking lipid lower medication was significantly associated with having unhealthy triglyceride levels. This may be picking up women, who were on lipid-lowering medication because they have been recently diagnosed with a high triglyceride level. Eating 30 min before the interview was positively and significantly associated with having an unhealthy triglyceride level. For women only, a number of socioeconomic factors were significantly associated with cholesterol ratio and triglyceride levels. Being a home owner compared to renting was negatively associated with unhealthy cholesterol ratio in the model adjusted for socioeconomic status and with triglyceride levels in the model adjusted for socioeconomic status and access. Household income was negatively and significantly associated with unhealthy cholesterol ratio and triglyceride levels in all adjusted models. Being educated to the college degree level or having some higher education was negatively and significantly associated with having an unhealthy cholesterol ratio in all adjusted models. Reporting difficulty in accessing sports facilities was positively and significantly associated with an unhealthy cholesterol ratio in the model adjusted for access. Table 3 displayed the results of gender-stratified regressions to investigate the association between self-reported activity rating and the two biomarkers for CVD risk and socioeconomic status. Reporting being highly active through sport was negatively associated with increased likelihood of having an unhealthy cholesterol ratio and Confidence intervals are in parentheses. Regional dummy variables are included in the adjusted models but not shown ***p < 0.01, **p < 0.05 Table 3 Gender-stratified models of the association between self-reported activity rating and biomarkers for CVD risk 3172  3168  5258  3511  3505  4261  3248  3244  5346  3564  3557 Confidence intervals are in parentheses. Regional dummy variables are included in the adjusted models but not shown ***p < 0.01, **p < 0.05 triglyceride levels. This provided evidence that the relationship between activity and cholesterol ratio may be mediated by socioeconomic status for both genders. The relationship between triglyceride levels and activity was only mediated by socioeconomic status for men. Similar to the results found in Table 2 , age was associated with a higher likelihood of having an unhealthy cholesterol level and triglyceride levels. In Table 3 , the probability was similar for both genders. Socioeconomic factors were only significantly associated with cholesterol and triglyceride level risk for women. The same associations as found in Table 2 are also found in Table 3 . The exception is in Table 3 , being employed compared to not being in the labour market was negatively and significantly associated with having an unhealthy cholesterol ratio. And access to sports facility was no longer significantly associated with cholesterol ratio for women. Table 4 showed the results from the gender-stratified models of the relationship between CVD risk, walking, and socioeconomic status. Walking 30 min a week or more was negatively associated with having an unhealthy cholesterol ratio for men in the unadjusted model. This association held for all models for women. There is some evidence that this relationship was mediated by socioeconomic status for both genders. For men in all models, there was a negative and significant association between walking 30 min a week or more and triglyceride levels. There was no significant association with walking and triglyceride levels for women. The significance of the relationship between the variables related to socioeconomic status and CVD risk was similar to those found in Table 2 and Table 3 .
As can be seen in Table 5 , there was no significant association between mild activity and the biomarkers for CVD risk for either gender.
Discussion
In a population-based cross-sectional sample of adults, we find a significant association between two biomarkers for CVD risk (cholesterol ratio and triglycerides level) and frequency of self-reported moderate physical activity and self-reported perceived level of weekly sports-based activity. A weaker association was found for walking 30 min or more per week. These results are consistent with a large body of literature finding a negative association between physical activity and CVD risk [1, 2, 5, 19] . The findings show that intensity of activity is important [20, 21] . Mild activity even if performed as frequently as moderate activity is not significantly associated with a reduced probability of having unhealthy cholesterol ratio or triglyceride levels. Our results also corroborate findings [4] that traditional lipid biomarker may mediate the relationship between CVD risk and physical activity and provide additional evidence on the mechanisms that may explain the link between CVD risk and physical activity.
Socioeconomic status is likely to be associated with CVD risk through a number of complex pathways that include economic, social, environmental, and biological pathways [22] . We find some evidence that this relationship between our biomarkers for CVD risk and physical activity is mediated by socioeconomic status. Those in lower socioeconomic neighbourhoods may have less opportunities for physical activity [15, 23] leading to widening health inequalities. Other lifestyle and healthrelated behaviours such as individual diet may be mediated through socioeconomic status and thereby may have affected our outcome variables. There may also be the cumulative negative effect of socioeconomic status on our biomarkers for CVD risk which is being picked up in the analysis [24] . Variables related to socioeconomic status were associated with our biomarkers for CVD risk for women only. The negative associations of socioeconomic status with health are larger for women than for men [25] . It is possible that men in lower socioeconomic status may be employed in manual professionals participating in more physical activity, which could attenuate some of the negative impacts of lower socioeconomic status on the biomarkers for CVD risk.
Strengths and Limitations
This study used a cross-section of data from the Understanding Society Survey which is a nationally representative dataset providing a good level of generalisability to the UK population. Self-reported measures of physical activity which are easy and cheap to collect continue to be widely used in research [26] . This study showed that these measures are on average significantly associated with objective measures of CVD risk providing some support of the validity of these measures for future research especially in large scale studies where it may not be practical or cost-effective to use objective methods for the measurement of individual physical activity such as accelerometers.
A key limitation of this study is that only 1 year of data with the required variables for this analysis is available limiting our ability to estimate a causal relationship. Longitudinal data would allow us to better understand how physical activity and the lipid biomarkers impact on CVD risk and for example account for changes in medication due to a recent diagnosis of high cholesterol levels.
More detailed information on type, intensity, and duration of physical activity would also be useful for better understanding the relationship between physical activity and lipid biomarkers. There is also a considerable number of missing responses when taking into account all of the requirements required for the statistical model. This may have some impact on the generalisability of the results. 2743  2739  4506  3051  3047  3684  2812  2808  4590  3102  3097 Confidence intervals are in parentheses. Regional dummy variables are included in the adjusted models but not shown ***p < 0.01, **p < 0.05 Table 5 Gender-stratified models of the association between mild physical activity and biomarkers for CVD risk 
Conclusions
This study supports the development of general lifestyle interventions and those targeted at women from lower socioeconomic backgrounds to promote moderate physical activity and incorporate physical activity into individual's daily routine. Local policy to promote active transportation and public transportation use may be one mechanism to promote physical activity of the required intensity [27] .
